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Introduction 
 
The promotion of investment in public transport must increasingly recognise that there are many 
opportunities to condition or influence location and hence land use outcomes. Whether these outcomes 
are deemed desirable or otherwise is in part a view held by heterogeneous stakeholders; however the 
outcomes can, to varying degrees, be facilitated by the manner in which public transport is delivered, 
specifically in respect of alignment and service levels including the access and egress system. In many 
ways, the debate on whether we should invest in rail or bus is secondary to the bigger questions, but will 
continue to be asked as governments make decisions on how they prioritise investment in public transport. 
What we want to avoid, however, is the often up front bias in favour of one mode over the other for 
reasons that Hensher (2007) has described as emotional ideology. What is needed is a recognition of the 
value of including many possible solutions into the assessment mix right from the beginning, and having 
an ability to assess the relative merits of many criteria, not just patronage, but the broader considerations 
such as impact on the local (and may be beyond) economy as well as the environment and wellbeing of 
society. To investigate many possible solutions in a timely manner requires an ability to accommodate 
the main frameworks in which we can judge the appropriateness of each of many options that include 
demand, benefit cost and economic impact. To undertake such as assessment on many variations of 
potential investments in public transport in a very timely manner, however, has always been a challenge 
that has frequently resulted in governments hiring consultants to assess a very limited subset of possible 
solutions which may indeed miss the one(s) that deliver the ‘best’ outcome. In this paper we present a 
framework that we have developed over the last five years and show how it can be implemented to assess 
a number of alternative public transport options that include bus rapid transit (BRT) and light rail transit 
(LRT). The intent is not to promote one mode over the other, but rather to encourage a more balanced 
assessment of each mode so that the focus becomes one of justifying the better outcome rather than the 
modally biased position of making sure the favourite mode is ‘justified’. 
 
In responding to this challenge, we have developed MetroScan_TI1 (TI = transport infrastructure) as a 
quick-scan tool for investigating the demand opportunities for both passenger and freight-related activity 
(all in the one model system), and associated benefit-cost outcomes, as well as the wider economic 
impacts of transport initiatives (see Figure 1). It is important, however, to recognise the value of existing 
transport models that have been developed by many governments over the years. The road networks and 
transit services, population or household characteristics, travel demand (origin-destination) matrices, and 
the resulting skim matrices, are all important components of these models, which are the result of 
extensive data collection and calibration. Therefore, existing data and model outputs can be used directly 
in MetroScan_TI, which also guarantees consistency as much as possible.  
 
This chapter sets out the framework of MetroScan_TI, emphasising the key features of the demand 
system, the benefit-cost process, and economic impact analysis. MetroScan_TI is a fully integrated web-
based system running on high speed computers, with sufficient flexibility to allow analysts to replace the 
default structure (including demand models and parameters, networks, synthetic households and firms, 
and forecast assumptions) with their own formulations, and to facilitate calibration at a chosen level of 
spatial and socioeconomic detail. Analysts can set up scenarios of policies and projects, and review 
outputs from an extensive set of impacts on the transport system, the economy and the broader 
environment. All model runs are undertaken on cloud-servers, and outputs are presented in the form of 
user-selected tables, spreadsheets, and graphs.  
 
                                                     
1 Shortened to MetroScan in discussions). 
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Figure 1 An overview of the practical appeal of MetroScan_TI 
 
The Context for MetroScan’s Role 
 
To ensure that any new transport planning capability has relevance, it is necessary to understand the real 
motivation for developing new analytical tools. Our starting position is recognition of the broadening 
context within which we should be identifying potentially value adding investments in new initiatives 
defined to capture both transport and non-transport net benefits, and which as a consequence must allow 
for the possibility that many gains in performance within the transport sector, and in the wider economy, 
could be achieved (in addition to large infrastructure initiatives) by an array of enhancements to existing 
service levels that do not require significant injections of capital, as is the requirement for major 
infrastructure initiatives.  
 
MetroScan grew out of two existing planning and assessment platforms, TRESIS and TREDIS, but with 
significant enhancements. TRESIS (Transportation and Environment Strategy Impact Simulator) is an 
integrated transport, land use and environmental strategy impact simulation program (see Hensher and 
Ton 2002, Hensher et al. 2004) focussing on predicting passenger demand impacts.  Since the first release 
in the year 2000 (see http://sydney.edu.au/business/itls/tresis), TRESIS has been significantly expanded, 
whereas TREDIS (the TRansportation Economic Development Impact System) is an analysis framework 
(developed by the Economic Development Research Group in Boston, USA) that uses scenario-level 
input data to holistically estimate economic impacts, cost-benefit measures and financial impacts of 
implementing a “build” alternative versus a “no-build” or “do-minimum” alternative (see Weisbrod 2008, 
Weisbrod and Beckwith 1991, Weisbrod and Simmons 2011, Weisbrod and Lorenz 2013). TREDIS 
provides a consistent system for applying the different forms of economic analysis across space, time and 
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elements of the economy, and within MetroScan) uses demand forecasts automatically transferred from 
the enhanced demand modelling systems contained in the new TRESIS modules for passenger, service 
and freight vehicles. The TRESIS module and the TREDIS module can each be used as stand-alone 
facilities if required; for example if a user has their own travel demand forecasts they can be input them 
directly into the TREDIS modules without using the TRESIS capability; likewise an interest in demand 
forecasts can be accommodated by running the TRESIS module only with selected outputs. 
 
A schematic overview of MetroScan is given in Figure 2. This shows the interconnectedness between the 
transport and land use demand model system, benefit-cost analysis and economic impact analysis. 
Although each element is available in various existing software packages, to varying degrees, the 
integrated nature of MetroScan together with the speed at which numerous initiatives (be they policies, 
programs, projects) can be assessed is the real appeal. Although MetroScan is user friendly and looks 
simple to the end user, it consists of several complex state-of-the-art components that have been integrated 
into this quick-scan tool. The main components are (i) the macro generator, (ii) TRESIS, and (iii) 
TREDIS. To explain this is some detail we use Figure 3 to discuss how the spatial dimension is 
incorporated as a critical consideration is being able to undertake very quick assessments, and (Figure 4) 
the underlying behavioural suite of travel, location and vehicle choice models that provide the rich 
evidence on how passenger travellers, freight distributors, service providers, and locators of household 
and firms, respond to transport-related initiatives in the user-specified short to long term. 
 
 
 
 
Figure 2 A schematic overview of MetroScan 
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Figure 3 MetroScan-TI framework 
 
 
 
Figure 4 The demand-side behavioural model system for passenger, light commercial and freight travel activity 
 
 
The macro generator (in Figure 3) takes an existing transport model as input, i.e., it will read in the detailed 
road and public transport networks , the origin-destination matrices at the detailed level for the base year, 
and the generated skims (such as travel time and distance) for the base year by time of day. Furthermore, 
characteristics of households in the different zones are useful inputs, as behaviour of people in each 
household depends on, for example, the household size, age, car ownership, etc.  If any of these inputs or 
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models is not available, default settings or distributions in TRESIS will be used. Furthermore, the user 
has to specify macro-zone definitions. These can be pre-defined from a certain zone classification, or can 
be manually drawn on the network. The macro generator then aggregates the origin-destination and skim 
matrices of the detailed zones to the macro-zone level. This is a complex process that can typically take 
months to adjust which is automated in MetroScan, automatically altering the network such that it is 
consistent with the macro zones. The macro generator uses a Data Manager and is able to import networks 
from different sources, such as TransCAD, EMME, VISUM, CUBE, etc. The macro generator 
significantly reduces the number of zones, while maintaining a sufficiently accurate quick-scan model for 
assessing a large number of policy, network and project based initiatives. Since the macro-zone definition 
is specified by the user, any level of aggregation can be achieved. This capability enables very fast run 
times on many candidate initiatives, from demand forecasting through to benefit-cost and economic 
impact analysis, something that makes MetroScan quite different to existing tools.  
 
Clearly, there is a trade-off between the number of macro zones (and therefore model accuracy) and the 
computation time. As an example, the detailed network of Sydney contains more than 3,000 zones, while 
a reduced macro-zone network might contain 60 zones (based on the Australian Statistical Local Area 
definitions), which seems to be a good balance between accuracy and computational efficiency. It should 
be noted, however, that for many initiatives it is overkill to use thousands of zones, especially where the 
focus is on establishing some prioritising of strategically relevant (often large scale) initiatives. Where a 
local transportation model currently exists, TRESIS can be used directly and the macro generation step 
can be omitted. 
 
The second component is TRESIS which simulates the choices made in the household (including the self 
employed) and by freight distributors that affect travel. It is unique in that it captures a large number of 
behavioural responses to a wide variety of policy measures (as shown in Figure 4). It includes behavioural 
(discrete choice) models that go way beyond the traditional four steps, namely TRESIS also includes 
time-of-day choice, and medium to long term behavioural decisions such as fleet size choice, automobile 
technology choice, residential location choice, employment and non-work activity location choice, and 
dwelling type choice. Some of these choices are also modelled for light commercial and freight 
distribution travel activity. By including such strategic long term choices, MetroScan is well equipped for 
making long-term forecasts (e.g., 20-30 years).  
 
The model parameters have been estimated using extensive surveys conducted in Australia. These 
behavioural parameters can be adapted by the user, as they may be slightly different between different 
countries (and even cities). Since the behavioural demand model structure that might be used in a 
particular location could vary from the behavioural model used by the authors of MetroScan, forecasts 
made by TRESIS are not considered directly, but pivoted off the base year of the original transport model. 
This works as follows. TRESIS makes forecasts for the base year, and for any variant that is specified. 
Then, instead of using these absolute forecasts, a relative change (percentage) between the base and the 
variants is calculated. This relative change is then applied to the base year obtained from the original 
model. Adopting such a so-called pivot point method ensures consistency with the original model as much 
as possible, while also avoiding the need for significant re-calibration. Hence, TRESIS can be used in 
conjunction with any currently developed transport model. TRESIS uses prototypical household samples 
to simulate all household choices over the years. In addition, TRESIS uses traffic assignment techniques 
(static or quasi-dynamic) to account for bottlenecks and queues.  
 
The final component is TREDIS. It is the most widely used system for economic impact analysis of 
transportation projects in many countries including the USA, Canada and Australia. TREDIS takes the 
output of TRESIS as input (appropriately formatted), and applies it to an economic model of the impact 
area (region).  It then calculates a large number of indicators for the assessment of the wider economic 
impacts, including business cost, productivity and competitiveness changes that occur because of changes 
in access to labour markets, customer markets, freight deliveries and supply chains. The results are 
presented in terms of changes in regional employment, worker income, GDP and tax revenues.   
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For most users, MetroScan will be the online web-based front-end, which controls all policies, variants, 
and scenarios, lets TRESIS and TREDIS run in the background, and lists the outcomes in customisable 
reports.   
 
Case Study: Bus Rapid Transit and Light Rail Transit 
 
To illustrate the application of MetroScan, we have selected the only location in the Sydney metropolitan 
area where the government has proposed to invest in bus-based rapid transit, in contrast to the many other 
locations in Sydney where only a rail based system has been proposed. We pose the question – how does 
a bus-based system compare to light rail on patronage and benefit-cost? The location, known as the 
Northern beaches, is on the northern side of the harbour along the coast. Access to this location from the 
CBD of Sydney is across the harbour bridge (or through the harbour tunnel) and through the lower north 
shore (North Sydney and Mosman). The government has selected a bus-based system known as B-Line 
to proceed (with some amount of opposition from local residents and businesses); and in this chapter we 
have added a more substantial BRT option (BRT Full) together with light rail (LRT).  
The two bus-based options are essentially the same as published by Transport for NSW (see Figure 5)  
with the service stopping at Wynyard (a main heavy rail station in the CBD), 10 minute off-peak 
frequency, 5 minute peak frequency, and travel time of approximately 50 minutes between Mona Vale 
and Wynyard. The B-Line replaces some express bus services from the Northern Beaches to CBD, but 
most (local) buses remain unchanged. B-Line buses are counted as "BRT" together with other buses along 
dedicated corridors (Liverpool-Parramatta transit way, etc.). All other buses in the tables and graphs 
below are "Bus".  
 
 
 
Figure 5 Alignment of B-Line proposed by the NSW Government 
Source: http://b-line.transport.nsw.gov.au/ 
 
In addition the BRT Full option is the same alignment as B-Line but with a 20% improvement in travel 
speed, a completely dedicated corridor with physical separation, BRT stations equivalent to existing light 
rail stops (with ticketing machines, platform level with floor of the bus and priority traffic lights when 
crossing other roads), and approximately double the cost of B-Line with the exception of vehicles that 
would cost the same. The alignment takes away existing road capacity. 
 
The LRT has the same alignment as BRT except for a short connection from Wynyard to the City and 
South East Light Rail line at George Street (the main road in the CBD) into the CBD across the harbour, 
with all other service attributes identical to BRT Full. Furthermore, the LRT costs four times BRT Full, 
which covers design/engineering, vehicles, construction, maintenance and operations. The LRT is also 
connected to the City and South-East Light Rail; thus the Northern Beaches service acts as a direct 
connection between the Northern Beaches (where Rail is not available) and the whole of the CBD. 
 
The overall difference in total trips is summarised in Table 1. We can see that the difference in the AM 
peak varies from 29,064 to 52,099 although the BRT Full and LRT are similar (a 10,000 trip difference). 
Importantly, these 2036 forecasts are for the entire greater metropolitan area from Newcastle in the north 
to Wollongong in the South and include the LRT under construction in the CBD of Sydney that goes 
through to the Eastern suburbs, which will be fully operational well before 2036. In addition, by 2036 the 
How well does BRT perform in contrast to LRT? An Australian case study using MetroScan_TI 
Hensher, Ellison, Ho and Weisbrod 
 
7 
 
bus network in the CBD will be significantly disrupted and reduced, enhancing LRT as a preferred option. 
The options evaluated for the Northern Beaches, as summarised in Figure 6, includes statistical local 
government areas (SLAs) in the lower north shore (i.e., Mosman and North Sydney), with the latter 
included since it is clear that there are large differences in the catchment areas at an SLA level for each 
of the options. Interestingly, BRT Full is more attractive for trips beginning and/or ending in Pittwater 
and Warringah, the largest SLAs on the Northern Beaches; however the LRT wins high volumes of 
patronage on the lower north shore, primarily because of the ability to connect into the LRT that will be 
in place in 2036 through the CBD and beyond to the eastern suburbs. In addition, many people work in 
North Sydney who can catch the LRT to/from the Eastern suburbs (a high job area), making this a 
seamless non-transfer journey by LRT. It is the connectivity by a single mode that makes LRT attractive 
compared to BRT, where the latter is only proposed from the Northern Beaches to the northern end of the 
CBD. 
 
Table 1 Patronage Forecasts 2036 
 
 
Figure 6 shows changes in modal share in 2036 AM peak for 3 scenarios, all compared against the base 
in 2036 where there is no BRT (B-line, BRT Full) or LRT. 
 
Change in number of trips by mode in 2036 by scenarios Sydney GMA
AM-peak All day AM-peak All day AM-peak All day
Train -3,779 -12,728 -5,391 -18,100 -8,702 -28,723
Bus -3,892 -15,135 -5,529 -21,311 -6,459 -24,591
Drive Alone -13,857 -63,506 -20,197 -90,676 -22,862 -103,632
Shared Ride -2,174 -15,225 -3,292 -23,046 -3,670 -25,260
Walk -1,020 -5,779 -1,687 -9,743 1,589 11,085
Bicycle -276 -1,157 -368 -1,527 -463 -1,944
BRT 29,064 113,590 42,126 164,365 -67 -227
LRT -101 -384 -138 -522 52,099 172,944
B-Line BRT-full LRT-Line
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Figure 6 Comparison of Patronage forecasts 2036 for the three options 
 
 
Table 2 summarises selected impacts of the three proposed public transport options. There is 
similarity in impact in tons of CO2/day across all 3 options; however in the main there are 
noticeable differences. The impact on total daily vehicles kilometres by car and associated 
generalised cost per day differs the most, with LRT producing the greatest reduction, as expected 
given the discussion above on the influence of the lower north shore supporting LRT over BRT. 
End use generalised cost accounts for the longer term adjustments in residential and workplace 
location choices in contrast to car and public transport generalised cost which holds origin and 
destination fixed. Fuel consumption for car use has declined, as expected, although differences 
across the options are relatively small; what is of especial interest is the change in car operating 
cost and generalised cost which on all options has increased, due to taking road space previously 
available to cars, and hence significantly increasing travel times. LRT takes more cars off the 
road compared to bus, and hence has a more favourable car operating and generalised cost 
increase.  
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Table 2 Summary of Selected Impacts of the Options 
 
Source of Impact Base B-Line BRT full LRT 
CO2 emission (Ton/day) 0  133,157  133,145  132,823  
Mode and time of day choice ($/day) 0  549,469  872,265  947,898  
Residential location choice ($/day) 0  14,973  22,774  28,480  
Fuel consumption (litres/day) 0  -138,090  -197,139  -153,104  
Car operating cost ($/day) 0  821,751  1,347,742  735,063  
Car generalised cost ($/day) 0  1,333,796  2,172,504  1,214,708  
PT generalised cost ($/day) 0  -537,755  -825,401  -1,499,957  
End use generalised cost ($/day) 0  -806,700  -992,748  -3,036,855  
Total vehicle kms (Vkm/day) 0  -749,702  -792,122  -2,220,451  
 
Benefit - Cost and Economic Impact Analyses   
 
In addition to the traditional user benefits, MetroScan’s economic analysis incorporates the productivity 
impacts into its benefit-cost analysis (BCA) modules. We summarise the main outputs from the BCA 
components of MetroScan in Table . Readers can refer to these tables when interpreting the results 
presented in subsequent figures and tables.  
 
Table 3 Explanation of Benefit-Cost Analysis Key Results 
 
Category Source of Benefit 
and Cost Explanation Other comments 
Present Value of 
Benefit Stream 
  The dollar value of net welfare gain to transport system users 
(user benefits) and non-users (external benefits). It is possible 
that a transportation project may serve to reduce driver 
frustration about expected or unexpected delays, reduce air 
pollution levels, and enhance or otherwise affect the visual 
beauty of an area. All of these impacts are seen as having a 
value to society, which shows up in either willingness to pay 
studies (representing stated preferences) or in observed 
property value changes (reflecting revealed preferences). Such 
“societal” (or social) benefits can be counted in a benefit-cost 
analysis. However, not all types of benefit change the flow of 
income in the economy. 
  
Travel Benefits   The traditionally-used measure of user benefits, and are 
defined to include benefits accruing to drivers, passengers and 
vehicle costs as a result of improvements in travel times, travel 
expenses and travel safety. Additional benefits, associated with 
switching modes of travel, origin-destination patterns and 
“induced” generation of additional travel are also counted 
(through the concept of “consumer surplus”). 
They also can include logistics 
benefits. These are the time and 
shipping cost savings to 
industries producing or 
consuming the commodities on 
board freight modes. Benefits 
arise because as shipping costs go 
down, businesses can increase 
productivity through inventory 
management, production 
scheduling, or distributional 
efficiencies. 
  
Value of Vehicle 
Operating Cost 
(VOC) 
Fuel and oil consumption, tyre wear, maintenance, and 
depreciation, as well as fares and tolls (note - latter two costs 
are transfer payments if related to Government) 
Accounts for free flow ($/km) 
and congested conditions ($/km 
or $/hr depending on mode) 
  Value of In-Vehicle 
Travel Time (IVTT)   
Note – when we move from car to 
PT, we save the car time totally 
and incur a PT time, the 
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Category Source of Benefit 
and Cost Explanation Other comments 
difference reflecting the net 
INVT time benefit. 
  
Value of Out-of-
Vehicle Travel Time 
(OVTT) 
This includes all ways of accessing or egressing a mode 
Note that when we move from car 
to PT, we actually incur OVT 
losses 
  
Value of Improved 
Travel Time 
Reliability 
This is linked to buffer time. TREDIS will compute the 
CHANGE in entered value of buffer time cost (difference 
between the project and base case) and then multiply that 
difference by the entered buffer time cost value.  
  
  Value of Safety 
Improvement 
Based on average crash rates (per 100 million VKT) for all 
modes, and average costs incurred for each crash type 
($/accident). 
We allow for personal fatalities 
personal injuries and property 
damage. 
Environmental 
and Safety 
Benefits 
      
  
Value of Emission 
Reduction for 
Mobile Source 
Pollutants 
Accounts for free flow ($/km) and congested conditions ($/km 
or $/hr depending on mode) Local air pollution 
  
Value of Emission 
Reduction for 
Carbon Dioxide 
Accounts for free flow ($/km) and congested conditions ($/km 
or $/hr depending on mode) 
Climate Change, Enhanced 
Greenhouse Gas emissions 
Wider Economic 
(Productivity) 
Benefits 
  
Wider social benefits can also include “agglomeration” 
benefits, when a transport project facilitates greater 
accessibility and connectivity of productive factors in an 
economy. These “market access” effects are the result of 
knowledge spillovers, better matching of worker skills (and 
other inputs) to business needs, and sharing of commonly-
needed inputs to production. Increased worker productivity. 
Accessibility feeds agglomeration economies by means of 
input sharing, input matching, and knowledge spillovers. These 
mechanisms can create value in a region that is additional to 
user benefits. As such, productivity benefits are included in 
benefit/cost analysis. 
  
Transfer Benefit 
Effects (net 
benefit 
adjustment) 
      
        
Present Value of 
Cost Stream 
      
Project Costs       
  Capital Investment 
Costs     
  Operation and 
Maintenance Costs     
Cost adjustments       
  Residual Value of 
Capital Costs 
The residual value adjustment attempts to represent the value 
of the capital investment remaining after the analysis period. 
In CBA, the capital investment is spread over the built facility 
life. For example, if the project life is 40 years and analysis 
only goes for 20 years, then the non-depreciated value of the 
capital investment is credited as residual value. The user can 
choose the Useful Life in the Inputs spreadsheet. 
Residual value applies only to capital investments that are 
associated with physical assets, i.e. construction categories 
"right-of-way," "structures," "terminals," and "vehicles." 
Residual value has the opposite sign of the project-minus-
based capital investment costs.  
  
In EIA, the capital investment is 
counted in the year in which it is 
actually spent. 
This residual credit is calculated 
based on linear depreciation of 
the construction cost, which is an 
excepted proxy for future benefits 
outside the project analysis 
period.  
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Category Source of Benefit 
and Cost Explanation Other comments 
  
Reduction in 
Effective Capital 
Cost Due to Value 
Added Fees 
Collected by 
Government 
This relates to fares and tolls (although we can decide how 
much of toll revenue accrues to Government or the private 
sector). The UK's CBA guidance (WebTAG) is followed in 
Australia, which counts government toll collection as a 
reduction in the BCR denominator. (In USA, practice counts it 
as an addition to the numerator offsetting user cost of tolls.)  
You can see a matching value 
reflected under "Transfer Benefit 
Effects (net benefit adjustment)" 
"Change in Tax Revenues 
Collected By Government." In 
the USA case, the two values 
would appear under the net 
benefit adjustment in the lines 
called "added fees." 
  
Net Benefit 
(Benefits - Costs)       
  
Transportation 
System Efficiency – 
Traveller Benefits 
Only 
    
  
Traditional BCA – 
Traveller Benefits + 
Environmental 
Benefits 
    
  
Full Societal BCA – 
All Benefit 
Categories 
    
Benefit-Cost 
Ratio 
(Benefits/Costs) 
      
  
Transportation 
System Efficiency – 
Traveller Benefits 
Only 
    
  
Traditional BCA – 
Traveller Benefits + 
Environmental 
Benefits 
    
  
Full Societal BCA – 
All Benefit 
Categories 
    
 
When we consider the economic assessment summarised as a benefit-cost analysis (Table 4), all three 
options have healthy benefit-cost ratios (BCR). The main difference between LRT and BRT Full is the 
travel benefits, which is significantly higher ($15.4bn compared to $6.3bn). The difference is largely 
attributed to the gains in in-vehicle travel time savings from the large volume of users of LRT who begin 
or end their trip in the lower north shore areas of Mosman and North Sydney. The time savings by LRT 
compared to the car are significant (much better speeds); in contrast trips to/from the Northern Beaches 
incur a travel time loss when switching into BRT out of the car, but gain a significant improvement in 
travel time reliability. BRT users, however, have to transfer into another public transport mode (or walk) 
when arriving in (or departing from) the CBD at the northern end compared to LRT users. The 
connectivity of the proposed LRT into another LRT that will be in place in 2016 makes it attractive 
compared to BRT. Had BRT been built through the CBD and on into the Eastern suburbs, we anticipate 
that BRT would have a better BCR than LRT.  
 
Importantly however, if we were to spend the same amount in building a BRT Full system at the LRT 
cost (i.e., a 3.72 fold increase in project cost, or 2.75 fold increase in capital investment costs), we would 
be able to substantially increase the BRT coverage to make it far more attractive than LRT. We estimate 
that the travel benefits would be in the order of $23bn resulting in a BCR for BRT Full close to 7.3. Thus 
one must be very careful in comparing options based on a single alignment without recognising the real 
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possibility of value for money for $ of tax payers outlay. On this basis, BRT Full is far more attractive as 
a value for money proposition than LRT, even if it is provided incrementally as evidence of patronage 
potential grows. 
 
Table 4 Benefit-Cost Results 2036. 
 
 
 
Economic Impact Analysis 
 
In establishing the broader economic impact of the three options (primarily jobs growth and real GDP), 
BRT and LRT are mainly different in the values of operating costs such as labour wages, pollution, fuel 
prices, etc. Almost all economic impacts in MetroScan are currently based on traveller characteristics 
rather than infrastructure characteristics, and thus there is room to show greater gains from LRT insofar 
as it shows better acceleration, speed, reliability and capacity characteristics. In addition, MetroScan in 
its current form focuses just on region-wide effects and does not make assumptions about station density 
or route permanence etc. which would trigger localised differences in retail and commercial business 
attraction to the travel corridor. The bottom line is that MetroScan will only show aggregate gains in 
productivity and income at the regional level2.  
 
                                                     
2 Future research involves capturing the localized (Sub-region) effects through MetroScan, which can the get into 
the necessary level of sub-regional detail.  Much of the data is in the system outputs. 
 
Bline ($m) BRT full ($m) LRT ($m)
4,388 6,301 15,419
Travel Benefits 3,702 5,341 16,120
Value of Vehicle Operating Cost (VOC) 6,270 8,809 5,917
Value of In-Vehicle Travel Time (IVTT) -8,402 -10,192 3,995
Value of Out-of-Vehicle Travel Time (OVTT) -10 -13 -1
Value of Improved Travel Time Reliability 5,233 5,797 5,610
Value of Safety Improvement 611 940 598
Value of Consumer Surplus From Induced New Activity 0 0 0
Environmental and Social Benefits 685 960 673
Value of Emission Reduction For Mobile Source Pollutants 143 205 134
Value of Emission Reduction For Carbon Dioxide 542 755 539
Wider Economic (Productivity) Benefits 0 0 0
Transfer Benefit Effects (net benefit adjustment) 0 0 -1,374
871 1,578 3,159
Project Costs 663 1,304 4,854
Capital Investment Costs 531 1,040 3,898
Operation and Maintenance Costs 132 264 956
Cost Adjustments 208 274 -1,695
Residual Value of Capital Spending -38 -75 -321
Reduction in Effective Capital Cost Due to Added Fees Collected By 
Govt. 247 349 -1,374
Transportation System Efficiency - Traveler Benefits Only 2,831 3,763 11,587
Traditional BCA - Traveler Benefits + Environmental Benefits 3,517 4,724 12,260
Full Societal BCA - All Benefit Categories 3,517 4,724 12,260
Transportation System Efficiency - Traveler Benefits Only 4.25 3.39 4.67
Traditional BCA - Traveler Benefits + Environmental Benefits 5.04 3.99 4.88
Full Societal BCA - All Benefit Categories 5.04 3.99 4.88
7% Discount
Present Value of Benefit Stream
Present Value of Cost Stream
Benefit Cost Ratio (Benefits / Costs)
Net Benefit (Benefits - Costs)
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Table 5 provides a synthesis of the key outputs and the underlying assumptions used to represent inputs 
such as market access that are used in calculating the value of business production, its value added 
component GDP and GRP. 
 
Table 5 Explanation of Economic Impact Analysis Key Results 
 
Construct Explanation Comments 
Economic Impacts Impacts on the flow of money in the 
economy, and are typically measured 
in terms of increased Jobs or Income. 
It is possible that a transportation project will reduce 
business operating costs, which can increase profits (a 
component of value added). That may also improve 
competitiveness for locating a business in the affected 
area, resulting in further business sales and income 
growth there. Such impacts directly affect the flow of 
corporate income and lead directly to increases in 
worker income. As such, they represent an economic 
impact on the affected area. 
Productivity The ratio of economic output / cost of 
inputs 
 
The denominator is the total cost of all input factors 
including labour, materials, utilities, transportation 
and other services. 
Factors that affect the flow of income are productivity 
factors whilst factors that have a social value (counted 
in CBA) do not directly affect income flows. 
Agglomeration and other productivity factors in the 
middle group are the core drivers of job and income 
growth in the economy.  
Market Access Refers to the ability of transportation 
facilities and services to provide 
households and businesses with access 
to opportunities that they desire. 
Market access is often measured 
through the concept of “effective 
density,” which refers to the 
magnitude of surrounding market 
opportunities (e.g., workers to be 
utilised or customers to be served) 
from a specific location. 
An improvement in the performance 
of transportation facilities and services 
can enhance productivity in two ways: 
(1) by reducing time and/or expense 
costs incurred in the continuing 
operation of businesses. That 
effectively raises productivity by 
decreasing the denominator of the 
ratio. (2) by enlarging market access 
or connectivity, which grows the 
numerator while the denominator 
either remains constant or grows 
proportionally less than the numerator. 
This can occur as long as there are 
scale economies or other business 
operating efficiencies enabled by 
access to a larger market. 
Transportation investments can potentially expand 
any of these forms of market access below: 
Businesses desire access to three basic kinds of 
markets:  
1. labour market: the workforce with 
required skills that a business can draw 
from to obtain its employees,  
2. input material market: the sources of 
specialised materials that a business can 
acquire (or specialised services that it can 
use) to produce its output, and  
3. customer market: the buyers whose 
specific needs can be reasonably and 
competitively served by a business. (This 
can include shoppers, tourists or freight 
delivery recipients)  
For households, transportation can be viewed as 
providing worker access to employment and shopping 
opportunities that match to their skills and needs. 
 
Economic Geography 
(Competitiveness) 
Labour and capital flows; export 
growth, import substitution; 
workforce and population migration. 
Factors that cause shifts in the spatial pattern of 
economic growth.  They are additional economic 
impacts that are a consequence of productivity 
changes.  They count in EIA as they can affect the level 
of economic activity occurring in a defined study area, 
but in CBA they are considered spatial shifts which 
cancel out. 
 
Connectivity This represents a form of “access” that 
is between two systems.  
However, in practice it is useful to distinguish market 
access and connectivity. Whereas “market access” 
refers to a surrounding area or region comprising the 
market, connectivity commonly refers to 
characteristics of the link to terminals or interchanges. 
Output The value of business production. For 
productivity analysis, it is measured as 
net Value Added. (For other analyses, 
it may be measured as gross business 
revenue.) 
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Value Added A measure of business output 
(revenue from product sales) minus 
the cost of non-labour inputs used to 
produce that product. 
 
Gross Domestic Product 
(GDP) 
The amount of business value that is 
generated in a given nation, state or 
region; this is almost the same as 
Gross Value Added but it adds further 
adjustments for taxes paid (+) and 
subsidies received (-) by business 
units. 
 
Gross Regional Product 
(GRP) 
GDP value for a state or region within 
a nation. 
 
 
We need to interpret the findings of the benefit-cost analysis in order to provide some guidance on the 
likely economic impact beyond the transport sector. Taking a closer look at the evidence, we can see in 
the benefit-cost analysis (Table 4) that the BLine and BRT options have negative time travel savings. The 
additional 1.2B hours of in-vehicle travel time for commuters on "Passenger Bus" and LRT in 2036, is 
much larger than the 330k hours of travel time and reliability saved by commuters in cars. Part of these 
commuters' time has an economic impact on businesses (that depend on these commuters), which is thus 
also negative. Household time has a benefit but no net impact on income at a regional level, so household 
out-of-pocket transport cost savings (Table 4) are just reallocated among the basket of goods that 
consumers purchase.  
 
Figure 7 Long-term Economic Impact Sydney Metropolitan Area in 2036  Update for this study 
 
The negative impacts in the financial sector across all three scenarios (see Figure 8) are due to reduced 
spending by households on the portions of insurance and vehicle depreciation associated with vehicle use 
(rather than ownership). The greater negative levels in BRT are because, in addition to this household 
budget reallocation, commuters in this industry are also negatively affecting their employers due to more 
lengthy commutes. Negative impacts in the retail sector for BLine and BRT are because there are fewer 
purchases of petrol. The positive economic impacts in the BLine and BRT cases are also due to the HH 
budget reallocation - from transportation related sectors to other major parts of the HH basket of goods.  
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Figure 8 The impact of the options on jobs throughout the Sydney Metropolitan Area in 2036 
 
Conclusions 
 
This chapter has introduced a new planning tool – MetroScan - that integrates many features of other 
demand modelling capabilities together with economic appraisal (as benefit-cost and economic impact) 
analysis, but in addition incorporates the feedback between location decisions of households and firms 
and investment in transport improvements. In addition both passenger and freight movements are 
accommodated (which is rare in transport planning tools), recognising the interrelationships between all 
modes and key location decisions in the short and long run. Some market responses are immediate (such 
as changing kilometres travelled in a specific mode); whereas other responses such residential and firm 
location decisions take a much longer time. Heuristics are embedded in MetroScan to account for the 
adjustment period. 
 
This paper uses MetroScan to investigate the relative merits of three proposed public transport 
improvements in the northern beaches of Sydney. The government has announced its plan to introduce 
the least expensive of the three options (namely the B-line). We evaluate two more expensive options that 
might deliver greater benefits, BRT Full and Light rail and assess the evidence on patronage, benefit-cost 
and economic impact. Many more possible options might be considered and MetroScan is well set up to 
do this very quickly (within hours); however the three options assessed are sufficient to both show the 
capability of MetroScan and the comparative appeal of public transport improvements that have been 
frequently promoted for the northern beaches by government and other interested parties. 
 
The findings are profound – network effects have a significant impact on the appeal of the public transport 
solution for the northern beaches, and it appears that for a single alignment, LRT offers greater value for 
money simply because of the connectivity appeal offered, especially for lower north shore patronage. 
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This is despite there being more trips on BRT than LRT on the sections within the Northern Beaches. If 
BRT is to be successful in this setting, it must integrate into the LRT network that will be in place in 
2036, and depending on how well this can be achieved (a seamless transfer), it might just satisfy the needs 
of lower north shore patronage.   
 
If, however, we were to spend the same amount on BRT Full as on LRT at the LRT level, then BRT Full 
would deliver a significantly higher benefit-cost ratio, travel benefits and economy wide impacts making 
it undeniably a much more attractive investment (and value for tax payers money) than LRT. The resulting 
service coverage, frequency, connectivity and visibility would mean that the northern beaches (together 
with the lower north shore) of Sydney would see improved accessibility that only BRT and not LRT can 
provide for the same dollar outlay of investment. 
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